. In order to identify proteins the border cell migration defects caused by dominantnegative Rac ( Figure 1H ). The EP screen utilizes a P that function in the Rac pathway to control cell migration in vivo, we performed a screen for genes that when element that contains multiple Gal4 binding sites engineered upstream of a basal promoter (Rorth, 1998). A overexpressed suppress the RacN17 border cell migration defect. collection of 2300 EP insertions was used, in which the elements are inserted at random in the genome thus rendering transcription of various genes susceptible to Results regulation by the transcription factor Gal4. When crossed to a fly line that contains the Gal4 protein exRac Loss-of-function Mutations Prevent Border pressed in cells of interest, the tissue-specific Gal4 Cell Migration binds to the UAS sites, resulting in overexpression and/ Normal border cell migration is shown schematically in or misexpression of the gene(s) downstream of the P Figure 1A . Border cells initiate migration during stage 9 element. In this screen, we crossed flies containing the and complete migration by stage 10. Using the GAL4/ slbo-Gal4 and UAS-RacN17 transgenes to stocks from UAS system (Brand and Perrimon, 1993), overexpresthe public EP collection. We compared fertility in the sion of the wild-type form of Rac (RacWT) in border cells female progeny of this cross to that of females expressunder the control of slbo enhancers (slbo-Gal4) at 25ЊC ing slbo-Gal4; UAS-RacN17 alone. Those EP lines that did not alter migration ( Figure 1B) . Rac protein can be showed significant rescue of fertility were then examseen in the border cells as they migrate through the ined further by dissecting ovaries, and staining with nurse cell cluster. By stage 10, expression is also ob-DAPI and rhodamine-phalloidin, to assess border cell served in centripetal cells and posterior follicle cells migration directly. A migration index (MI), which is an ( Figure 1B ). In contrast, slbo-Gal4-driven expression of average of the extent of migration for all stage10 egg UAS-RacN17 results in migration defects in greater than chambers examined, was calculated for each genotype 95% of stage 10 egg chambers ( Figure 1C the screen. Overexpression of wild-type Rac protein, as expected, rescued the RacN17 migration defect. SevWe tested several genes known to be required for normal border cell migration for the ability to modify enty-two percent of the egg chambers examined had border cell clusters that migrated more than 25% of the the RacN17 defect. Overexpression of the transcription factor SLBO or its downstream target, E-Cadherin, failed normal distance, with an overall MI of 61. In addition, expression of Trio, a RacGEF, resulted in significant to ameliorate RacN17 border cell migration defects to any measurable extent ( Figure S1 on the Cell website). The receptor tyrosine online). In addition, border cell clones homozygous mutant for actin5C showed border cell migration defects kinase PVR and the Rac exchange factor encoded by the myoblast city (mbc) locus have been implicated up-(Supplemental Figure S2) are located within the th locus ( Figure 2B ) and result in Gal4-dependent overexpression of the th gene (SuppleTo identify genes that function in the Rac pathway in border cell migration, we undertook a screen for supmental Figure S3 ). To confirm that suppression of the migration defect was due to overexpression of DIAP1, pressors of the RacN17 migration defect. We employed a so-called enhancer/promoter (EP) screen to search UAS-Diap1 transgenic flies were crossed to slbo-Gal4; UAS-RacN17 flies. Overexpression of UAS-DIAP1 also for genes that, when overexpressed, could suppress suppressed the RacN17 phenotype, as did the related epithelial cells (Figures 3D-3F ), specifically at the juncgene, DIAP2 (Figure 2A) . tions between cells (Figures 3G-3I ). DIAP is expressed To address the specificity of DIAP1 rescue of RacN17 in border cells ( Figures 3A and 3C) ; however, no specific migration defects, we tested the ability of DIAP1 to ressubcellular localization could be discerned. Interestcue border cell migration in a variety of mutant backingly, when the wild-type form of Rac was overexgrounds. Overexpression of DIAP1 did not rescue slbo pressed using slbo-Gal4, an increase in anti-DIAP1 mutant migration defects (Supplemental Figure S4) , nor staining was observed in the Gal4-expressing cells (Figdid it 
Effects of Profilin on Rac-Mediated Border showed border cell migration defects in approximately 14% of egg chambers (Figure 5B). Egg chambers from Cell Migration
The reduction in F-actin in th mutant cells and the ability females mutant for either chic or th exhibit other phenotypic similarities, including germline cytokinesis defects of overexpression of actin5C or DIAP1 to suppress the RacN17 migration defect suggested that DIAP1 might be (data not shown). In addition, we found that chic and th showed a drainvolved in Rac-dependent actin polymerization. Actin polymerization is dependent upon the availability of a matic dosage-sensitive genetic interaction. The frequency of border cell migration defects rose from 10% pool of monomeric actin that is bound to ATP. This pool is maintained in cells by profilin. Therefore we tested to greater than 50% when one mutant allele of th was added to the hypomorphic chic mutant background the effects of manipulating profilin protein levels on border cell migration. Strikingly, overexpression of profilin ( Figures 5C-5E ). An unusual feature of the defective migration was that in some cases (13%) the border cells rescued the RacN17 border cell migration defect nearly as well as wild-type Rac ( Figure 5A ). This finding supmigrated to the side of the egg chamber instead of through the middle of the nurse cells ( Figure 5E ). This ported the idea that the defect in RacN17-expressing border cells is principally due to effects on actin.
is never seen in wild-type egg chambers ( Figure 5D ). Also, there were increases in germline cytokinesis deVerheyen and Cooley (Verheyen and Cooley, 1994) reported that approximately 10% of egg chambers from fects and overall viability of egg chambers in this genotype, compared to the hypomorphic chic allele in the viable females that are trans-heterozygous for partial loss-of-function alleles of chickadee (chic), the gene that presence of wild-type th. However, migration defects were no more severe in chic/ϩ; th/th egg chambers than encodes profilin, show border cell migration defects. We found two different allelic combinations of chic in in th/th, suggesting that the dosage-sensitive gene is th. Flies homozygous mutant for both loci were too unwhich migration defects occurred in 8% and 16% of mutant egg chambers, respectively. Likewise, th 
